The aly/aly mouse has a severe immunodeficiency, because it lacks peripheral lymph nodes as well as IgA and IgG immunoglobulin synthesis. In the present study, we performed histopathological and immunohistological examinations to clarify histological disorders of various immune organs in these mice. Carbon CH40 injections into the apex of the tongue confirmed the absence of submandibular lymph nodes in aly/aly mice. The thymus had a poorly constructed cortex and medulla, and the number of lymphoid follicles was clearly decreased in the spleen. No IgG-or IgA-producing cells were found in any immune organs, including the mucosal immune sites, though several IgM -producing cells were identified. Other characteristic findings included perivascular lymphocytes accumulation in the salivary glands, lungs, liver and pancreas, which caused tissues damage. These results demonstrated that the various lymphoid tissues disorders and organ-specific lymphocyte infiltration cause immuno-deficiency in the aly/aly mouse. (J. Oral Sci. 43, 91-96, 2001) 
Introduction
The aly/aly mouse is a new mutation that lacks peripheral lymph nodes and Peyer's patches. Miyawaki et al. found this mouse in the C57/BL/6j strain (H-2b), that was crossed once to the AEJ/GnRK strain (H-2b) (1) . Since homozygous mutant mothers cannot suckle neonates due to an impaired mammary gland development, the mutant has been inbred by mating between heterozygous females and homozygous mutant males. These mice are deficient in both humoral and cell-mediated immune functions, and show reduced IgM levels, a lack of IgG and IgA in their sera, and do not reject allogenic skin grafts (2) .
We have previously examined the presence of the polymeric immunoglobulin (pIg)/secretory component (SC) receptor and the IgA transport mechanism in these mice by i.v. injection of mouse myeloma pIgA (MOPC 315). The aly/aly mouse revealed normal pIg /SC receptor distribution and injected pIgA was transported from the blood circulation to the bile as secretory IgA (3) .
In the present study, we describe a histopathological disorder, localization of immunoglobulin-producing cells, and lymphocyte sub-populations by immunohistological analysis in aly/aly mice.
Materials and Methods
Mice Eight-week-old female aly/aly and C57BL/6j mice were purchased from Nihon Clea Co., Tokyo, and housed under pathogen-free conditions (9-30 weeks 1A) , while the aly/aly mice showed no carbon accumulation in the cervical lymph node area ( Fig  1B) . Carbon CH40 was not transported to the regional lymph node and it remained in the injection site. In addition, no carbon accumulation was found in any other organs of the al/aly mice.
Histological analysis of intestinal immunity related organs Intestine: Typical lymphoid tissues was identified as Peyer's patches of the small intestine in the C57BL/6j mice ( Fig. 2a ). In the aly/aly mice, abnormalities of lymphoid system were revealed, though Peyer's patches were not seen in any part of the intestine. Further, tiny lymphocyte clusters were identified throughout the intestinal mucosa. These clusters did not resemble Peyer' s patches by their size, and did not develop lymphoid follicles (Fig. 2b ).
An immunohistological analysis of the lymphoid clusters showed that most of the accumulating lymphocytes expressed the CD90 antigen ( Figs. 3 a,b ), though the clusters did not contain CD4+ or CD8+ cells. Furthermore, no IgG-, IgA-or IgM-producing cells could be found (data not shown).
The structure of intestinal mucosa in the aly/aly mice is not apparently different from conventional C57BL/6j mice, however, that of the infiltrating lymphoid cells in the lamina propira was quite different. In aly/aly mice, the lamina propria showed no IgA-producing cells or IgM-and IgG-producing cells (Fig. 4a) , while many IgA-producing cell were identified in the C57BL/6j mice (Fig. 4b) .
Further, there were no immunoglobulin-producing cell in the lamina propria of the aly/aly mice, however, some B220 expressing mononuclear cells were identified (Fig.  4c) . As for T cell markers, some CD90 positive cells were identified among intra-epithelial lymphocytes and mononuclear cells in the lamina propria ( Fig. 4d ). shown to be great significance for understanding the phylogeny of lymphoid organs. Other immunodeficient mice, such as nude, SCID and Xid mice, develop peripheral lymph nodes (4-7), and, while T and B cells are lacking in SCID mice, the thymus and lymph nodes are formed normally (8) . In aly/aly mice, while peripheral lymph nodes and Peyer's patches were not found, the thymus and spleen were identified as having normal shapes. However, the cell construction of those organs was not similar to a normal mouse. Generally, lymph nodes developed in animal at a phylogenically later stage of evolustion, and are clearly found in birds and mammals. Due to the similarity of phylogeny and ontogeny, aly/aly mutations may have an effect on the early stage of lymph node formation.
Recently, Kawamori et al. reported that the mice have a crypt patch in the intestine (9) . This lymphoid tissue consists of closely packed lymphocytes, identified throughout the murine small and large intestine. The lymphocytes in crypt patch express c-kit, IL-7 receptor, CD90, and a lymphocyte function-associated antigen, LFA-1, and most of them show to be negative for CD3, TCRaI3, TCR76, sIgM, and CD45R. We also identified this small lymphocyte cluster in the intestine of aly/aly mice and found that it is positive for CD90. The crypt patch is a newly identified gut-associated lymphoid tissue where lymphoid-lineage committed precursors are developing. In aly/aly mice, crypt patches, but not Peyer's patches, were found. This suggested that aly/aly mice may have a defect in T cell receptor rearrangement or in the maturation stage of T and B cells.
From histological analyses, we found perivascular lymphocytes accumulations in secretory organs such as salivary gland, pancreas, lung and liver. These lymphocytes accumulations mainly consisted of CD90+ cells and a small number of CD45R+ B cells. However, there were also a few IgM -producing cells identified in the lesions. Narita et al reported (2) that these lesion were similar to Sjoegren syndrome, autoimmune disease condition. However, autoantibodies were not detected in aly/aly mice (data not shown). We extensively analyzed this lesion using the cytokine production of infiltrating lymphocytes that lacked IL-2 production (manuscript in preparation). Further analysis is required to butter understand organ specific lymphocyte accumulation in aly/aly mice.
Aly/aly mice also revealed a serum immunoglobulin disorder. IgG and IgA were not detected by ELISA, and the amount of IgM was one third of that age matched C57BL/6j mice (our preliminary data). An immunohistological analysis of Ig-producing cells showed that only a small number of IgM-positive cells were identified in the spleen but not IgG-or IgA-positive cells. Moreover, IgA-producing cells were not present in the intestinal mucosa, which is the most prominent site of IgA in normal mice. Aly/aly mice are known to have mature T and B cell in the spleen and peripheral blood (1), while those in our study showed abnormal immunoglobulin production.
These results indicate that there may be disrupted isotypeswitching by certain non-defferentiating population of B cells. Thus, IgG and IgA were not produced in these mice.
Another possible explanations for this abnormality is that the aly/aly mutation is related to the maturation stage of T cells. The lymph node are not developed, therefore, the T cells are not able to exhibit their helper and suppressor functions. Further study is required for resolution of these issues, including those related to cytokine productions.
In conclusion, the aly/aly mouse is a useful model to study the histogenesis of lymph nodes and primary and secondary B cells response in an immune system, and may also be useful as a model for autoimmune disease, like Sjogren syndrome (10) .
